Summary. The relationship between plasma glucose, serum insulin, serum C-peptide and obesity was studied in 320 fasting high school students (13-18 years old), as part of a Busselton population study. For males and females respectively plasma glucose was 4.5 + 0.4 and 4.4 + 0.5 mmol/1 (mean + SD), serum insulin 0.51 +_ 0.35 and 0.69 +_ 0.39 lOgl0 (nmol/1 x 100), and serum C-peptide 0.48 + 0.15 and 0.55 + 0.14 nmol/1. These sex differences were not statistically significant. Plasma glucose correlated with C-peptide (r = 0.21, p < 0.001) and insulin (r = 0.32, p < 0.001), indicating greater secretion where fasting glucose was higher. Obesity, measured as skin fold thickness, was also associated with serum C-peptide (r = 0.32, p < 0.001) and insulin (r = 0.37, p < 0.001).
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Connecting peptide (C-peptide) and insulin are released from pancreatic /3 cells in equimolar amounts [1] . The concentration of C-peptide immunoreactivity (CPI) in serum from peripheral blood has been used as an index of insulin secretion in normal people and in people with hypoglycaemia and diabetes [2, 3] . However, little consideration has been given to the complex interaction between such variables as obesity, age, sex, plasma glucose concentration and CPI in either the fasting or the fed state. Surveys of the adult residents of the shire of Busselton, Western Australia, commenced in 1966 and have been repeated at three yearly intervals. The aim of the surveys included an investigation of the prevalence and incidence of diabetes and the detection of early cardiovascular disease. The surveys were extended to include high school children in 1975. A continuation of the Busselton Population Survey provided an opportunity to investigate some of the complex variables associated with insulin secretion in a group of high school students [4] .
Materials and Methods
Students aged between 13 and 18 years attending Busselton High School in Western Australia were invited to participate after informed consent had been obtained from both the subjects and their parents. Data recorded included age, weight, sex, height and midtriceps skin fold thickness [5] . Fasting blood was taken for analysis of plasma glucose (glucose oxidase [6] ), serum insulin immunoreactivity (IRI, double antibody radioimmunoassay [7] )and CPI. Percentage ideal body weight was calculated from standard weight tables for age, height and sex [8] . Subjects were randomly selected except that subjects who were not fasting were excluded. No attempt was made to modify subjects' diet prior to the study. Serum CPI was measured by a modification of Heding's method [9] using the antibody to synthetic human C-peptide M 1230 [10] . Unknowns and standards were incubated with anti-Cpeptide at 4 ~ for 24 hours, labelled C-peptide added and the incubation continued for a further 24 hours. Normal guinea pig serum and anti-guinea pig serum were added and after a further 24 hours at 4 ~ the tubes were centrifuged, washed twice with aspiration and the precipitate counted in an automatic gamma counter. Hormone free serum (pooled human serum rendered free of insulin, proinsulin and C-peptide by incubation with active charcoal for 24 hours at 20 ~ was added to standard tubes and used to assess non-specific binding. A locally written computer program calculated unknowns using a modified logit plot.
The antibody, M1230, has 11% cross reactivity with proinsulin [10] . The lower limit of sensitivity, 95% probability that a result could be distinguished from zero [11] , was 0.02 nmol/1.
Glucose to C-peptide ratio (G : CPI) was calculated by dividing plasma glucose concentration (mmol/1) by CPI (nmol/1). Correlations between CPI or IRI and other variables was by Pearson Correlation using a two-tailed test of significance. Differences between means were tested by Student's 't' test. Statistical significance was stated to exist where p < 0.005.
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Results
Samples of blood were taken from 320 students, 184 being females and 136 males. The mean and standard error of the mean for serum CPI, plasma glucose, log IRI and G: CPI are shown in Table 1 . There was no difference between the mean plasma glucose for males and females (4.5 and 4.4 mmol/1 respectively).
The mean for IRI is given as log~0 (nmol/1 • 100). The distribution of IRI results was markedly skewed to the right. The data were normalised by log transformation. Using the log transformed data, the + 1 SD scatter about the mean for the total population for serum IRI was 2-10 mU/1. The differences between males and females were not significant for any of the four variables (for IRI, 0.005 < p < 0.01; p > 0.01 for CPI, glucose and G:CPI). Subjects were divided into six groups, firstly on the basis of percent ideal body weight and secondly on the basis of skin fold thickness. Figure 1 shows the mean and SEM of serum CPI and IRI for the six groups, defined by percentage ideal body weight. There is little change in mean serum IRI until % ideal body weight is 130% or more. Figure 2 shows the mean and SEM for serum CPI and IRI for the six skin fold thickness groups. The means of both CPI and IRI increase with increasing skin fold thickness. 
Discussion
The mean CPI was 0.52 _+ 0.15 nmol/1 (+ 1 SD), similar to values obtained by other workers on much smaller numbers [12, 13] . The range of results was from 0.25-0.96 nmol/1. The small difference observed between males and females was not significant (0.01 < p < 0.02). The distribution of the results was approximately Gaussian and was not made more so by log transformation. Linear regression analysis showed a positive correlation between CPI and each of the following: IRI, glucose, % ideal body weight, and skin fold thickness ( Table 2 ). The correlation between CPI and IRI is to be expected since the two are secreted in equimolar quantities. Glucose and CPI are known to be associated in the fed state since an increase in plasma glucose concentration results in insulin secretion. This correlation is now shown to exist in the fasting state as well, although the correlation coefficient is low. The correlations between CPI and the two indices of obesity have not been noted in fasting subjects previously and suggest that there is increased insulin secretion in the presence of obesity. Linear regression analysis also showed positive correlations of IRI with glucose, % ideal body weight and skin fold thickness. The correlation between % ideal body weight and fasting IRI has been noted previously [14] . The results suggest that fasting IRI (Fig. 1) is not greatly elevated for subjects with % ideal body weight of less than 130%. However, there does seem to be a trend for CPI to increase with % ideal body weight over all six groups. Tables 3 and 4 show the number of males and females in each of the arbitrary subdivisions of % ideal body weight and skin fold thickness. There is little difference in the percentages of males and females in the six weight groups. However there is a large difference in skin fold thickness in males and females, with females having considerably greater skin fold thickness. Percent ideal body weight is not intended to be an index of fat mass; rather it is intended to show the comparison of an individual's mass with that of his or her peers. The fact that in females adipose tissue constitutes a greater percent of the body mass than it does in males is not demonstrated by ideal body weight tables. The measurement of skin fold thickness on the other hand does reflect this difference. Figure 2 shows an increase of mean IRI and CPI with increasing skin fold thickness. The trend is more apparent than for % ideal body weight and this is supported by the larger correlation coefficients between skin fold thickness and CPI and IRI (Table 2) . These results support the suggestion that fasting insulin secretion correlates with adipose tissue mass. It is possible that the small differences between the sexes of mean IRI and CPI have their origin in the fact that females as a group have more adipose tissue than males.
A possible explanation for an increase in IRI and CPI in those with high skin fold thickness might be if the more obese coincidentally had a higher fasting glucose. This is not likely to be the case, as overall there was a negative correlation between skin fold thickness and glucose (r = -0.35, p < 0.001). In the absence of renal disease the glucose to CPI ratio may be considered to be an index of glucose stimulation of pancreatic insulin secretion. If the increased insulin secretion of obesity was due to an increase in fasting glucose concentration, the G: CPI ratio would be the same for small and large skin fold thickness. This was not the case, the G:CPI ratio showing an inverse correlation with skin fold thickness (r ---0.35 p < 0.001).
To further test the hypothesis that increased adipose tissue mass resulted in increased insulin secretion the data were subjected to pathway analysis [15] , an extension of multivariate analysis which tests the probability of causal relationships. The analysis was performed on the variables IRI, CPI, glucose, skin fold thickness and sex. The results of the analysis supported the following correlations: (iv) there was no difference between the effects of skin fold thickness on IRI and CPI and those of the female sex on IRI and CPI.
